Figure S1. Schematic fabrication process of Si micropillar arrays with a radial junction . (A) ptype Si substrate is cleaned and covered with silicon-rich silicon nitride (SiRN), by LPCVD. (B) The SiRN on the front side is removed by reactive ion etching. (C) A photoresist polymer (Olin 906-12) is spin coated on the front side. (D) By means of standard photolithography and DRIE silicon micropillars are etched into the silicon wafer. (E) The deposition of a dopant oxide (i.e. phosphorus oxide) by LPCVD. (F) Formation of a radial pn-junction in the micropillars, by a drive-in step at 1050 °C for 15 min. (G) Deposition of a conductive seed layer for Cu2O growth by sputtering of an ITO-Au film, followed by removal of the SiRN and deposition of Al back contacts by sputtering. (H) Cu2O films were deposited from a lactate-stabilized copper sulfate bath kept at 50 °C in a two-electrode configuration cell at a constant potential of −0.8 V for 200-1300 s.
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. JV characteristics for the Si micropillar arrays with radial pn-junction, as determined from the JV graphs shown in Figure 7 . J sc (mA/cm 2 
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Experimental section
Fabrication of radial p/n-Si micropillar array
For the fabrication of radial pn-Si micropillar structure (see Figure S1 ) we followed a procedure as previously reported. 3 The wafers were subjected to a standard pre-furnace clean, in an RCA-2 
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For the doping method, a phosphorus oxide layer (~ 420 nm) was grown with a PSG (TEOS)
LPCVD method for 45 min, using phosphine (PH3) as a dopant precursor, in a high-temperature oven (Tempress tube furnace). The dopant was transferred to the pillars with a thermal diffusion step by annealing in 1050 °C for 15 min. Then the wafers were immersed in a buffered aqueous hydrofluoric acid (BHF) solution to remove the silicon oxide from the annealing step for 10 min, and then immersed for another 30 min in a 50% aqueous HF to strip the silicon nitride from the back side of the wafer. Finally, the wafers were subjected to magnetron sputtering to deposit the ITO/Au interlayer and the Al back contact. 
Electrodeposition of Cu2O
The Cu2O layer was electrodeposited on the prepared substrate at 50 °C from a lactate-stabilized copper sulfate solution. 4 The chemicals were used as received without further purification: frequency, deposition time for 18 min (micropillar) and 14 min (planar) at room temperature, a fluence of 2 J/cm 2 , and 0.02 mbar O2 pressure.
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Pt HER catalyst deposition
As reported in earlier studies, 5 platinum nanoparticles were potentiostatically electrodeposited in the dark from a solution of 1 mM H2PtCl6 in deionized water at −0.1 V versus Ag/AgCl for 15 min (for planar) and 19 min (for micropillar).
Structural and optical characterization
The morphology of the substrate as well as the thickness of the deposited films on the Si micropillars was investigated by using a high-resolution scanning electron microscope (FEI these were found to be reproducible to within 100 -150 µA/cm 2 .
PEC measurements
The coated microwire photocathodes were photoelectrochemically tested using a potentiostat (VersaSTAT 4) in a three-electrode configuration, where the microwire photocathode with an exposed projected surface area of 0.5 cm 2 acted as the working electrode (WE), a platinum wire mesh as the counter electrode (CE) and an Ag/AgCl electrode as the reference electrode (RE).
For The light intensity was calibrated to AM 1.5G illumination at the position of the sample.
Hydrogen production
The hydrogen evolution was measured using a Teflon-cell connected to a highly sensitive gas chromatograph (CompactGC Interscience). The GC was equipped with a Pulsed Discharge Detector to determine the amount H2 in the argon carrier gas. Argon flowed with 5 ml/min through the 1 M Na2SO4 electrolyte consists of Ag/ AgCl in saturated KCl as a reference electrode, a Pt mesh as a counter electrode and the prepared copper oxide photocathode as a working electrode.
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